CHROMOSOME NUMBERS IN COMPOSITAE. 

XIII. EUPATORIEAE 1 2 
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Peter H. Raven 5 and Harold Robinson- 


Abstract 


New chromosome counts are provided for 234 populations of the tribe Eupatorieae includ¬ 


ing the first reports for the genera: Asplundianthus, Carminatia , Cronquistia, Decachaeta, 
Guevaria, Heterocondijlus, Matudina , Peteravenia, Phalacraea, and Sclerolepis. Chromosome 
data is summarized on the basis of over 325 of about 2,000 species in the tribe representing 
70 of the 100 known genera. Cytology is correlated with recent taxonomic revisions including 
new generic concepts and reidentification of many vouchers of previous cytological studies. 
The number n = 10 is regarded as basic for the tribe; it is the most common in the tribe and 
is characteristic of most groups of genera. Important derivatives include specialized members 
of the Brickcllia series with x = 9 and members of the Piqneria, Stevia , Carphochaete, Micro- 
spermum series with x — 11 and 12. I he Bartlettina series has a base of x — 16 but is closely 
related to Hebeclinium with x = 10. Other groups with higher numbers are more distinctive*, 
Neomirandea subgenus Critoniapsis with .t = 17, subgenus Neomirandea with .r = ea. 20 and ca. 
25, Mikania with x — 16—20, Afieratina with mostly x ~ 17, Oxylohus with x — 16. Hofmeis- 
tcria with x = 18—19 is regarded on other bases as one of the most distinctive elements in tin* 
tribe. Individual examples of reduction in groups with a base of x = 10 are Adenostemma in- 
volucratum with n = 5 and the weedy Fleischmannia microstemon with n = 4. 


The present paper continues a series dealing with chromosome numbers of 
Compositae (Haven et ah, I960; Haven & Kyhos, 1961; Ornduff et ah, 1963, 1967; 
Payne et ah, 1964; Solbrig et ah, 1964, 1969, 1972; Anderson et ah, 1974; Powell 
et ah, 1974) and is the first devoted to the tribe Eupatorieae. Included here is 
a summary of previous studies and combined reports of some of the present 
authors. An attempt is made to correlate results with the extensive systematic 
revisions of two of the authors (King, 1967a, 1967b; King & Robinson, 1967, 1969- 
1975b). 

Unless otherwise indicated the chromosome counts have been made from ace- 
tocarmine or aceto-orceine squashes of microsporocytes in meiosis. Voucher 
specimens are available for all counts. Vouchers for the King collections are in 
the U.S. National Herbarium (US) and a nearly complete set is at the Missouri 
Botanical Garden (MO). Vouchers for other collections are deposited in the 


otherwise 


In 


Dudley Herbarium 

Table 1 those collection numbers preceded by B are by Breedlove, by K are by 
King, and by R are by Raven. 
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Of the approximately 2,000 species of the Eupatorieae, chromosome numbers 
are known for 327 species. These include members of 70 of the 160 known genera. 
Nine genera, Asplundianthus, Carminatia, Cronquistia, Decachaeta, Guevaria , 
Heterocondylu.s, Matudina, Peteravenia, Phalacraea, and Sclerolepis, are newly 
reported in this paper. The 56 species reported here for the first time are marked 
by an asterisk in Table 1. 

Evaluation of previous reports has required reorganization of data into new 
tribal and generic concepts based largely on details of floral anatomy. The tribe 
Eupatorieae is interpreted here to include Isocarpha and Lepidesmia which are 
sometimes placed in the Heliantheae (King & Robinson, 1970f), and Micro- 
spermum and Iltisia which are sometimes placed in the Helenieae (Rzedowski, 
1970). Excluded are Adenostyles, now placed in the Senecioneae (Toman et al., 
1968) and Dyscritothamnus which is a member of the Heliantheae. 

Revisions at the generic level have provided the most significant basis for 
interpreting cytological data. The most striking example is the dissection of the 
older concept of Eupatorium, a genus which had over 900 species. These species 
had a meaningless series of chromosome numbers, including n = 4, 8, 10, 11, 12, 
15, 17, 18, 20, 25 and multiples. One other species falling within the old concept 
had been counted at n = 9, but was removed to Brickellia on the basis of this 
chromosome number (Harcombe & Beaman, 1967). Other generic concepts 
have been altered to a lesser extent. The chromosome numbers credited to 
Alomia belong to species that have been transferred to Ageratum. In Piqtieria, 
chromosome counts of n = 10, 12, 24, and 25 have been reported, but the de¬ 
termination of n = 10 is from a South American species now placed in the genus 

Ophryosporm. 

Many previous reports have been based on misidentified material and some 
of these represent generic differences. Reports for what is generally called 
Eupatorium ballotifolium H.B.K. (Coleman, 1968, 1970) are not of that species 
but of Conocliniopsis prasiifolia (DC.) K. & R. The true E. ballotifolium is a 
Lourteigia and has been reported as Eupatorium aff. pycnocephaloides (Powell 
& King, 1969). The latter species is a Fleischtnannia and is reported for the first 
time in this paper. Chromosome counts reported for Trichogonia gardneri Cray 
should be treated under the name Trichogoniopsis adenantha (DC.) K. & R. 
Asa Cray had erroneously considered the two species as distinct. Material in most 
herbaria under the name E. adenanthum actually belongs to the distinct genus 
Macropodina. A report of n = 10 has been credited to Eupatorium cf. ligustrinum 
(Turner et al., 1961) which is a member of the genus Ageratina , a genus which 
has a basic chromosome number of x = 17. The voucher has been seen and proves 
to be Koanophyllon albicaule (Sch.-Bip. ex Klatt) K. & R. Some additional cor¬ 
rections of identification within genera are mentioned below, with notable exam¬ 
ples in Adenostemma and Fleischmannia. 

General Considerations 

Gaiser (1954) observed that chromosome numbers lower than n = 9 did not 
occur in the Eupatorieae. Since that time the gametic chromosome number n 
= 4 has been discovered in two species of Fleischmannia, a number of n — 5 has 
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been reported tor one species of Adenostemma, and n = 8 lias been suggested, 
probably erroneously, for species of Isocarpho and Atjapana. It is probable that 
no other tribe in the family, except the Cynareae and Mutisieae, has as few species 
with low chromosome numbers. 

Differ ences in chromosome size and shape have been mentioned in the studies 

of Grant (1953) and Gaiser (1953, 1954). While dealing with Eupatorium s. lat. 

in eastern North America, Grant reported two size ranges of chromosomes. For 
species now treated as Eupatorium s. str. and Eupatoriadelphm, with n = 10, the 
size ranged from 2.5-6.5 /mi in length. For the group now recognized as Agera- 
tina, with n = 17, the size ranged between 1.5-3.0 /mi. One species now recog¬ 


nized as a Conocliuium has n 


10, as in the former group, but the chromosomes 


fall within the size range of the latter group. Grant treated these three groups 
as cytologically distinct. 

Gaiser (1954) compared the taxa then placed in the subtribe Kuhniinae. This 
subtribe has since been shown to be artificial, so that Gaiser’s comparison was 
between three groups that we do not now consider closely related. Carphochaete 
was distinguished as a small shrub without basal rosettes having a squamiform 
pappus and a gametic chromosome number of n = 11. The genus had the highest 
chromosome number and greatest content of chromatin per complement; it also 
had 3 pairs of isobrachial short chromosomes. The genera Garberia, Carphe- 
phorus , Liatria, and Trilisa (including Latrisa) were distinguished by alternate 
leaves forming basal rosettes in younger plants, a plumose or capillary pappus, 
and a gametic chromosome number of n = 10. Garberia was distinct among these 
in being a shrub and in having one of the two short pairs of chromosomes hetero- 
brachial. The third group of genera, including Brickellia , Kuhnia and Barroetia , 
had le aves alternate to opposite, plants shrubby to annual without basal rosettes, 
pappus capillary to plumose, and a gametic chromosome number of n = 9. Bar¬ 
roetia and Kuhnia both had only medium and short chromosomes. Brickellia 


(Gaiser, 



had chromosomes of some species as in Kuhnia and Barroetia, 


but in most species the complements included longer chromosomes. 

Gaiser (1953, 1954) noted the variation in karyotype in the Brickellia series 
and correlated this with variation in habit of the plants. Karyotypes including 
some long chromosomes were characteristic of shrubby plants. Karyotypes with 
only medium or short chromosomes occurred in more herbaceous plants. An ap¬ 
parent trend toward reduced DNA content in weedy species (Bennett, 1972) is 


also illustrated in the tribe in the genus Fleuschmannia , in which a weedy an¬ 
imal species has a gametic chromosome number of n = 4, with most other species 
being perennial and having n = 10 and multiples of 10. 


Pollen and Gell Size Correlation 


Gaiser (1950b) made observations on morphological characters in relation to 
polyploidy in Liatris series Punctatae. Overall size showed no reliable correla¬ 
tion with chromosome number though corollas, styles, pappus, and inner pliyl- 
laries tended to be slightly longer in tetraploids than in diploids. The strongest 
correlation was in cell size. Tetraploid pollen and guard cells were larger than 
in diploids and the hexaploids showed a correspondingly larger size than the 
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tetraploids. Another possible size correlation with polyploidy is seen in the two 

closely related genera Phalacraea and Guevaria. The former is larger in most 

parts and has pollen grains ca. 25 jum in diameter. The single chromosome count 

shows n = 20. Guevaria is a genus of distinctly smaller plants with pollen grains 

nearer 20 /i \n in diameter and chromosome counts of n = 10. Variations of pollen 

size and chromosome number are not notably correlated in other members of 

* 

the tribe. 

Other modifications of pollen are associated with meiotic irregularities. Holm- 


( 

& 


pen (1919) studied the modified development and defective pollen formation in 


Eupatorium glandulosum (= Ageratina adenophora), an apomictic species with 
n — 51. Holmgren recognized the species as a triploid related to Eupatorium 


9 


ageratoides (= Ageratina altissinui) and Eupatorium ( Ageratina ) purpusii hav¬ 
ing chromosome numbers of n = 17. Ageratina riparia is another weedy, widely 
adventive species of the genus with reports of 2 n = 48 correlated with defective 
pollen. Apomixis is common in Ageratina and the infrequency of normal sexual 
reproduction may be a major factor in the development of the more than 200 
species. Pollen variation also occurs in other genera of the Eupatorieae but most 
notably in Stevia where as many as four distinct pollen states have been recog¬ 
nized in some species (King & Robinson, 1967). The most common modified 
state has altered furrow patterns and has a larger size than in normal grains. 
Grashoff (1972) related such pollen variations directly to irregularities in meiosis. 
In contrast to Ageratina , Stevia includes many sexually reproducing populations 
within its apomictic species, and natural hybridization is frequent between some 
species (Grashoff, 1972). 

Chromosome Numbers and Phylogeny in the Eupatorieae 

Previous subtribal concepts have been based primarily on the form of pap¬ 
pus, the ribbing of the achene, and the development of the anther appendage. 
The four subtribes must now be considered almost totally artificial and useless 


for phylogenetic comparisons. Traditionally, Ageratinae has included those 
genera not placed in one of the other subtribes. Piqueriinae contained most but 
not all of the genera with reduced anther appendages, including Phania which 
is most closely related to Age ration , Ophryosporus which is closer to Critonia, and 


Hof 


Piqueria itself contained elements belonging 


to three remotely related groups, Koanophyllon, Ophryosporus , and Erythradenia. 
The subtribe Kuhniinae, with more numerous ribs on the achenes, contained ele¬ 
ments related to Brickellia with chromosome complements of n = 9; Liatris, with 
mostly x = 10; Carphochaete , which is more closely related to Stevia, with x 
11; and Kanimia , which is related to Mikania with x = mostly 17-20. These 
genera differ greatly in many morphological characters as well as their cytology. 
Adenostemmatinae was the smallest subtribe and, with the exclusion of Hart- 
u rightia , the only natural one (King & Robinson, 1974a). 

Although the previous subtribal concepts are rejected, no new concepts have 
vet been formalized. Actually, it is at precisely this level of relationships that 
cytology might prove most helpful and at least some of the evolutionary trends 
are reflected by cytology. It seems best for the purposes of this study to discuss 
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the Eupatorieae in terms of cytological groups, starting with the most diverse ele¬ 
ments having x = 10 and proceeding through the less numerous groups with x 
= 4, 5, and 9. The treatment concludes with the genera having chromosome num¬ 
bers higher than x = 10 , including two major groups with x — 11-12 and with x 

= 16-18. See Table 2. 


GENERA WITH A 


10 


Included here is one of the largest complexes in the tribe, having members 
concentrated in the eastern parts of both North and South America. The mem¬ 
bers tend to have papillose style branches and corolla lobes, anther collars with 
strong annulate thickenings, and the pappus setae often with rounded apical 
cells. In the group is Eupatorium, with the related Eupatoriadelphus, Austroeupa- 
toritim, Stomatanthes and Hatschhachiella (Group II), all of which have pubes¬ 
cent style bases; Disynaphia, with the related Symphyopappus, Raulinoreitzia, 


Grazielia and Campovassouria (Group III), all having plain style bases, sub¬ 
imbricate phyllaries, and 5 flowers per head (King & Robinson, 1971d); and the 
vast group related to Conoclinium and Gyptis, including Agriantlws, Barrosoa, 
Campuloclinium, Conocliniopsis, Dasycondylus, Lourteigia, Neocuatrecasia, 
Tamaulipa, Trichogonia, Trichogoniopsis, and Urolepis (Group IV) having us¬ 
ually plain style bases, mostly eximbricate phyllaries, and more than 5 flowers 
per head. The first group in the complex is noteworthy within the tribe for its 
natural occurrence in the eastern hemisphere, Eupatorium reaching Asia and 
Europe in the north and Stornatanthes having 3 species across the Atlantic in 
Africa. The group including Gyptis is notable for its extreme elaboration and 
predominance in easternmost Brazil. The entire complex, with few exceptions, 
includes only species with gametic chromosome numbers of n = 10 or multiples 
of 10. About 10 species of Eupatorium s. str. from North America and Asia have 
plants with n = 15 in addition to the apparently more common ones of n = 10 
and n ~ 20. Such numbers supposedly result from hybridization between the 
different ploidy levels that are common in the genus, and are perpetuated by 
apomixis. Grant (1953) noticed the small size of the chromosomes of Conoclinium 
coelestinum (L.) DC., but related forms have not been studied for this character¬ 
istic. 

Ageratum and Phania seem related to Gyptis but have been separated here 
into a series of more western genera (Group VI) with reduced pappus. These 
are morphologically transitional to genera having gametic chromosome numbers 


of n 


11 or 12. 


Another major element in the Eupatorieae having n 


10 


the assemblage of 


genera related to Critonia (Group XII), with genera such as Koanophyllon , 
Fleischmanniopsis , and Eupatoriastrum being concentrated in the more tropical 
parts of Central America, the West Indies, and northern South America. The gen¬ 
era Austrocritonia and Neocahreria are rather isolated members of this more typi¬ 
cal series in southern Brazil, and there is a related complex in the Andes containing 
Ariste guietia , Asplundianthus, Critoniella, Cronqu 1stianthus, and Ophryosporus. 
Members of the complex have phyllaries subimbricate to imbricate, but the group 
is most notable for its lack of specializations, being difficult to delimit and per- 
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haps in part artificial. The group of genera including Critonia may lie related to 
other genera with a gametic chromosome number of n = 16-18 through such 
genera as Hebeclinium which has n = 10. 

More structurally distinct from Critonia but evidently closely related is the 
Praxelis group (XIII), occurring mainly in Brazil. In addition to Praxelis the 
group includes Praxeliopsis, Lomatozoma, Eupatoriopsis, Eitenia and the large 
genus Chromolaena, all having involucres that shed all their phyllaries at maturity. 
Chromolaena has a range extending to Mexico and the West Indies where the 
subgenus Osmiella seems to intergrade with some members of the Critonia group 
in the area. Osmiopsis plumeri (Urban & Ekman) K. & R. of Haiti has a mix¬ 
ture of Chromolaena and Koanophyllon floral features not explicable by simple 
convergent evolution. In spite of marked involucre, corolla, and anther differ¬ 
ences, Chromolaena of the Praxelis group and Koanophyllon of the Critonia group 

seem to have retained sufficient cytological similarity to be able to form success¬ 
ful hybrids. 

The distinctive group of genera related to Ayapana (Group VIII) is largely 
restricted to South America with a few widely distributed or adventive species. 
The group is most inadequately represented in cytological studies. The genera 
Ayapanopsis , Gongrostylus, Gymnocondylus , Alomiella, and Monogerion have 
not been counted. Within Ayapana itself /i = 17 has been reported for one species, 
n — 8 and n = 18 for another, and a third species is reported here with two counts 
of n = 10. The monotypic Polyanthirui has been counted once as n = 12 ± 1 and 
twice as n = 10; Isocarpha earlier reported as having a gametic chromosome num¬ 
ber of n = ca. 8, is now known to have n = 10; Heterocondylus is reported here as 
n = ca. 20; and Condylidium, which is perhaps more distantly related to the other 
genera in the series, has n = 10. One is inclined even on the basis of this small 
sample to suggest a base number of x = 10 for the group, although the situation 
in Ayapana itself, with about a dozen species, should be clarified. Certainly, 
other characters show the group has no close relationship with others having 
chromosome numbers n = 11, 12, 17 or 18. 

Liatris and the related genera, Carphophorus, Garheria , Litrisa , and Trilisa 
of the southeastern United States (Group X) have a basic chromosome number 
of x = 10, with polyploidy only in Liatris. Among the diploid series of Liatris 
(Gaiser, 1949, 1950a, 1950b), Spicatae and Pycnostachyae exhibited variation in 
chromosome length, with some medium and long chromosomes with subterminal 
constrictions, whereas Graminifoliae and Pauciflorae have more uniform karyo- 

Polyploidy occurs in series Punctatae and has been important in the evo¬ 
lution of species in this group. 



GENERA WITH N = 4 

The genus Fleischmannia (Group XI) has many features of the Gyptis rela¬ 
tionship but differs by several important details including the usually subimbricate 
involucre and the unique fonn of papillae on the corolla. Similarity of habit 
has caused confusion with some species of Ageratina, but the latter genus is 
strikingly distinct in floral anatomy and cytology (King & Robinson, 1970a, 1970b). 
Most specimens of Fleischmannia that have been counted have n = 10 or mul- 



Table 2. General distribution, habit, and chromosome number of genera of Eupatorieae. 
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tiples of that number. Various authors including Turner & King ( 1964) and 
Baker (1967) have reported n = 4 in two annual species of the genus, F. \inclairii 
and F. microstemon. Baker regards the lower number as derived and states: 
“This is suggested by the fact that the chromosomes of the four-paired cytotype 
are much larger than those of the ten-paired form and by the behavior of the 
hybrid between them (with 2 n= 14). At the first meiotic division of the pollen 
mother cells in this hybrid the commonest configuration to be seen is of four 
multivalents (or at least bivalents) involving the four large chromosomes of the 


four-paired cytotype, together with an appropriate number of univalents. This 
is consistent with an evolution of the four-paired condition by gradual reduction 
of the chromosome number by unequal translocations followed by loss of cen¬ 
tromeres on the classic Crepis model (Tobgy, 1943). The asymmetry of the 
chromosomes in the four-paired plants is also in keeping with this ancestry.” 
Recent revisions have shown that all specimens with n = 4 were F. microstemon 
and that F. sinclairii , which has n = 10 exclusively is not so closely related, having 
differences in leaf texture, size of heads, shape and pubescence of phyllaries, 
and in the form and color of the achenes. More recently, Grashoff et al. ( 1972) 
have reported n = 4 from F. hymenophyUum , a large probably perennial herl 
from Costa Rica and Panama that shows no particular relationship to F. micro¬ 
stemon. In spite of the lower numbers in two species, the original basic chromo- 


) 


some number of Fleischmannia seems to have been n 


10 . 


Recent reidentifications have also provided a revised concept for Fleisch¬ 


mannia pycnocephala , which is now seen to include only plants with n 


20, n 


30 and variants in Guatemala reported in this study as n = ca. 40 and n — 42-44 
with 2-4|. Many previous reports belong to related species, especially F. praten- 
sis which has n — 20. The resegregated F. sonorae (A. Gray) K. & R. of Sonora 
and Arizona resembles F. incanuita (Walter) K. & R. of the eastern United States 
and F. seleriana ( B. L. Robinson) K. & R. of the eastern escarpment of Chiapas 


and Veracruz in having n 


10 . 


GENERA WITH /V 


5 


This low count has been reported once by Turner & Irwin (1960, as Adeno- 
stemma hrasiliense) for a specimen now determined as Adenostemma in- 
volucratum K. & R. Four other species including the true A. hrasiliense (Pers.) 

= 10 . 

Turner and Irwin have suggested that n = 5 is the basic chromosome number for 


Cass, and A. platyphyllum Cass, (once as A. lavenia) are reported as n 


the genus, but in context, reduction from n = 10 in this single species appears 
more probable. The closely related genera Sciadocephala and Gymnocoronis have 
not been counted. The subtribe Adenostemmatinae (Group 1) is one of the most 
distinctive elements of the Eupatorieae but the characteristic viscid knobs of the 
achenes and unsclerified interstices of the receptacle indicate a specialized rather 
than primitive position in the tribe. 


GENERA Wi l l I V 


9 


The primary group of Eupatorian genera having chromosome counts of n 


9 


has been studied extensively by Gaiser ( 1953, 1954) who studied 41 species of 
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Brickellia, 4 of Ruhnia, and 2 of Barroetia (Group IX). Brickellia has long been 
recognized as distinct, but exact limits have been so uncertain that Correll & 
Johnston (1970) have suggested possible reduction of the genus and 
to synonymy under Eupatorium. Harcombe & Beaman (1967), in a different 
approach, have abandoned the morphological characters and have delimited the 
genus on the basis of the distinctive n = 9 chromosome number. In reality, the 
Brickellia group is much more extensive than previously realized, being character¬ 
ized by the usually very long and clavate style branches and a usually narrow 
corolla opening. The group includes genera such as Helogyne, Leptoclinium , 
and Dissothrix of South America, as well as many distinctive segregates previously 
placed in Brickellia or Eupatorium. Many of the genera, including Asanthus , 
Flyiella , Alomia , Dyscritogyne, Kyrsteniopsis , and Steviopsis of Mexico are not 
known cytologically. Among the genera that have been studied, the gametic 
chromosome number n = 9 has been characteristic of Brickellia (including Ktih- 
nia ), Barroetia , Phanerostylis, and Pleurocoronis. The number has not been 
reported yet for any of their strictly South American relatives. The gametic 
chromosome number n = 10 has been reported, however, from a number of re¬ 
lated genera including Malperia (Raven in King, 1967a), Brickelliastrum (Wat¬ 
son, 1973, as Brickellia) , and Carminatia of North America, as well as Cros- 
sothamnus (Turner et al., 1967, as Eupatorium weberbaueri ) and Austrobrickellia 
(Krapovickas, 1951, as Eupatorium patens ) from South America. The distribu¬ 
tion of numbers suggests a derivation of n= 9 from the more characteristic Eupa- 
torian n = 10 within the Brickellia group. 

Two counts of n = 9 are available for the genus Acritopappus (Group V) 
[Coleman, 1970, as Alomia longifolia (Gardn.) B. L. Robinson]. Interpretation 
is difficult because relationships of the genus are not clear. There is some re¬ 
semblance to the as yet uncounted Radlkoferotoma and there may be some rela¬ 
tion to the Gyptis group in spite of the subimbricate phyllaries. Acritopappus 
is definitely not closely related to other members of the tribe having n = 9, and we 
presume that the chromosome number of this genus has been derived indepen¬ 
dently from n = 10. 


GENERA WITH X 


11 OR 12 


The known genera having n = 11 or 12 appear to be part of a larger group 
having strongly papillose corolla lobes and annulate thickenings in the cells of 
the anther collars (Group VI). The group shows a strong tendency for pappus 
reduction with squamiform and coroniform types represented. These features 
and chromosomal evidence both suggest strongly that the genera are related to 
one another and have no direct relationship to those with gametic chromosome 
numbers of n = 16-18. 

In the group of genera with a gametic chromosome number of n = 11 or 12, 
Stevia and Carphochaete seem closely related as suggested by Turner (1959). 
The single species of Cronquistia , reported here as having n — 12, was originally 
described as a Stevia and has more recently been associated with Carphochaete 
(Grashoff, unpublished). Each of the three genera has its own distinctive style 
structure, with Carphochaete (n=ll) especially remarkable, indicating that 
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stylar morphology alone is not a reliable indication of relationship. Stevia has 
been extensively treated cytologically by Grashoff (Grashoff et al., 1972) with 
the conclusion that shrubby species all have a gametic chromosome number of n 
12; herbaceous species with laxly paniculate arrangement of capitula have n 
11 wi th no aneuploidy; and herbaceous species with compact-corymbose ar¬ 
rangements ot capitula mostly have 2 n = 34 univalents with considerable aneu¬ 
ploidy. 3 he great variation and widespread apomixis in Stevia allows for interpre¬ 
tation of In = 33 and 2n = 34 as triploid derivatives of n = 11. There is some 
tendency, however, to interpret the 2 n = 34j found in Stevia as a potential n = 17 
partly because ot the common occurrence of n= 17 elsewhere in the tribe. 


17 


and 34 1 and S. 


Grashoff reports S. jorullensis H.B.K. as having 2/i = 
plummerae var. durangemis as having 2 n - ca. 17n, and he suggests that 
among the compact-corymbose herbaceous species the alternate leaved species 
“may have numbers based on 11, 12, or 17 within the same species,” while 
“the opposite leaved species appear to be based on x = 17 alone.” Never¬ 


theless, Grashoff does report the opposite leaved species S. origanoides as having 
both 34 univalents and 43 ± 1 univalents and Keil & Stuessy (1975) have since 
reported S. origanoides as having n= 11 and another opposite-leaved species S. 
plummerae var. durangemis as having n = 44,. Such evidence and the lack of 
a close relationship of Stevia to any of the genera with n= 17 indicates that the 
counts for the genus should be interpreted on the basis of the known n = 11 and 

12 numbers that are common in the genus and in related genera. Such re¬ 
ports as tin* 2/i = 17|i in S. jorullensis and 2/i = ca. 17n in S. plummerae var. 
durangemis could be interpreted as the result of preferential pairing, although 
more observations would be highly desirable. In any case, the three elements 
within Stevia definitely seem, on the basis of overwhelming morphological and 
anatomical evidence, to be closely related to one another. 


n 


Reexamination of the microstructure of the genus Macvaughiella shows that 
the genus is related to the Stevia group rather than to the Ageratina group where 
it was recently placed (King & Robinson, 1970b). There is only an unpublished 
chromosome count of n = ca. 13 by R. C. Jackson for M. mexicana (Sell. Rip.) 
K. & R. (Mkxico. ciiiapas: 7 mi N of Arriaga, Cronquist 6- Sousa 10459). 

Piqueria s. str. has a base chromosome number of x = 12 (25) and shares with 
Stevia the characteristic reduced number of flowers, equal to the number of 
phyllaries. Microspermum also seems related and Rzedowski (1970) has reviewed 
the cytology of 3 species, all having n = 12. A number of genera in South America 
resemble Piqueria and seem to be related. Thus far, however, all chromosome 
counts for these genera have been on a base of .v - 10; Ascidiogytie, n = 10, 
Plmlacraea , n = 20, and Guevaria , n = 10. Some close relatives of Guevaria re¬ 
main uncounted, including Ellenbergia and Ferreyrella of the Andes, Piqueriella 
of eastern Brazil, and Piqueriopsis of western Mexico. The counts of n = 10 might 
reflect phyletic ties with the structurally similar widely distributed genus Agera- 
tum, and the latter shows significant features in common with the Gyptis group. 


Job 


(1971) and h as a basic chromosome 


number of .v = 10. Ageratum micropappum Baker is a questionable member in 
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the genus which lacks the characteristic conical receptacle. The species has been 
counted as ;* = 9. [Brazil, raiiia: Coleman 501 (Coleman, unpublished)]. 

The pattern of distribution of chromosome numbers and the interpretation 
of the structural evidence indicate that n — 11 and n = 12 in the present group 
have been derived by aneuploid increase within the group from n = 10, which is 
common both in this assemblage of genera and in other parts of the tribe. 


GENERA WITH N 


15 


The number has been obtained from various species of Eupatorium and from 
one plant of Agendum , in both, it is almost certainly the result of hybridization 
between the more common populations with n — 10 and n = 20, and it could per¬ 
sist as a result of asexual reproduction. Otherwise the number is known in the 
tribe from members of the Trichocoronis group (VII). A single count is avail¬ 
able for one of the two species of the genus Trichocoronis of the southwestern 
U.S. and central Mexico. T richocoronis seems to be related to the recent taxonomic 
segregate Shinnersia. The many structural differences in the latter might be 
correlated with its extreme aquatic nature. A count of n = ca. 30 has been ob¬ 
tained for Shinnersia by Chambers (King & Robinson, 1970c). This number 
could be a multiple of either 10 or 15 and leaves the base number of the group 
still in doubt. Sclerolepis is reported here as n — 15 and ca. 30. 


GENERA WITH A 


16-18 


The genera of this complex are variable in many features and comprise a 
number of distinct elements. The complex shows some common trends, however. 


11 and n 


12, a 


r 


that seem to preclude close relation to the genera with n 
comparatively homogeneous assemblage. The cells of the anther collars are nearh 
or completely without annular thickenings and the corolla lobes of all but the 
Ageratina group lack papillae. The pappus is present and capillary in all but 
Oxtjlobus and Erythradenia. One specialization of the pappus is the tendency 
for fragile and deciduous setae in members of both the Hebecliniwn and Agera- 

tina groups. 

The most significant result of the new reports in this paper is the recognition 
and partial clarification of a group of related genera (Group XIV) with many 
Mexican and Central American species having a gametic chromosome number of 
16. The present report of n = 16 is the first for Decachaeta , a genus previ¬ 
ously noted as a close relative of Bartlettina. Four species of Bartlettina are also 
reported here with a gametic chromosome number of n— 16. One of the four 
species, B. sordida , has been reported previously as 2n = 20 by Holmgren (1919, 
as Eupatorium ianthinum) but the Holmgren identification has not been con¬ 
firmed. Also, one Bartlettina from South America has been reported as having 
10 (Powell tk Cuatrecasas, 1970, as Critonia paezense) but the South Ameri¬ 
can members of the genus are aberrant in a number of other details and seem 
at least subgenerically distinct. The number reported here for Matudina seems 
to confirm its relationship to Bartlettina and Decachaeta. In the original de¬ 
scription of the single species of Matudina , McVaugh (1972, as Eupatorium corvi) 


n 


n 
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made comparison with species placed in Eupatoriastrum s. str., for which no chro¬ 
mosomal information is available. Euputoriastrum, although superficially similar 
to Matudina, is closely related to Koancrplnjllon in the Critonia series in which 
there is a base of x = 10. A probable close relative of Bartlettina is Peteravenia. 
In the latter only one of the four species has been examined cytologically, with 
two populations from central Chiapas having n = 10, a third collection from 
the same general area having n = ca. 17 (20?), suggesting a probable basic chrom¬ 
osome number of ,v = 10 for the genus. An undoubted relative of Bartlettina 
is the primarily South American genus llebeclinium which is uniformly reported 
as having n = 10. The gametic chromosome number of n = 16 in Decachaeta , 
Matudina , and at least 4 of the approximately 20 species of Bartlettina could be 
most easily derived by aneuploid reduction from n = 20. It is probable but not 
certain that the n = 16 in the three genera was derived from a single common 
ancestor having that number. 

The genus Neomirandea (Group XV) consists of two rather distinctive but 
related elements. The subgenus Critoniopsis is known by counts of n = 17. The 


subgenus Neomirandea has a variety of reports indicating n = 20 and n 
The occurrence of these numbers might be an indication of multiples of x 


25. 

5 


which seem to occur in scattered and isolated places in the tribe, or might have 
originated as a result of hybridization between plants with u = 20 and a putative 


n = 30. The cytological groups correlate completely with the subgeneric classi¬ 
fication based on style bases and to some extent on corolla pubescence. The 
present counts include 3 species of subgenus Neomirandea representing its two 
major variations and many specimens of 2 species of subgenus Critoniopsis. 
Studies of the anatomy have given the distinct impression that subgenus Ne¬ 
omirandea of this mostly epiphytic genus is the derived element, even though it 
contains those species noted as terrestrial on labels. Recent field work shows 
that the supposedly terrestrial species are all restricted to rich humus substrates 
and often possess distinctive prop-root systems. Within the context of the tribe, 
however, it would seem that n = 20 would be the original basic number in the 
genus and n = 17 would be derived. 

Mikania (Group XVI) and the weak segregate Kanimia have counts of n 
17, 18, and 19 with a few additional reports of n = ca. 16 and n = ca. 20. There 
are varied reports in a number of species, and it is uncertain how much is real 
variation or how much is the result of the staining difficulties often noted in at¬ 
tempts to count chromosomes in Mikania. The two counts of n = ca. 19 reported 
here for M. seandens represent the first for this endemic eastern North American 
species. Previous counts reported under this name represent related species 
that are sometimes included under a broader concept. 

The largest genus of the tribe may ultimately prove to be A^cratina, and it 
includes the majority of species of the tribe for which n = 17 has been reported. 
Such counts have been regularlv obtained for members of the genus from both 

v * n 

North and South America. There is apomixis in the genus and a few species are 
evidently polyploid. One, A. asehenhorniana (Schauer) K. & R. seems to include 
at least two cytotypes respectively with n - 17 and n = 20. The recent report of 
10 by Grashoff et al. (1972) is less explicable. The specimen at the Univer- 
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sity of Texas thus annotated has a different collection number from that reported 
in the publication and might be held suspect. A new report of n = ca. 10 in this 
study suggests again, however, that some lower numbers occur in the species. 
Three species of the northern Andes, A. exerto-venosa (Klatt) K. & R., A. pseudo- 
chilca (Benth.) K. & R., and A. tmifolia (H.B.K.) K. & R., belong to a distinctive 
group that is restricted to that area. Reports of A. tinifolia by Powell & King 
(1969) and reports of the other two in this paper show consistently n = ca. 40, 
n = ca. 40 + B chromosomes, or n = ca. 42. Such numbers are not easilv derived 
from n = 17 but might reflect a more basic n = 20 for the group. 

Ageratina is the largest of a group of closely related genera including Oxy- 
lobus, Piptothrix, Jaliscoa, and Spaniopappus (Group XVII). Oxt/lobus, which 
differs from Ageratina in only one significant structure, the pappus, is neverthe¬ 
less consistently reported as having n = 16. The chromosome number thus seems 
to confirm the conclusions based on anatomical features that Oxylobus is re¬ 
lated closely to Ageratina rather than to Ageratum with x = 10 or to Stevia witl 
x = 11 and 12. Structure would also dictate that the Bartlettina-Decachaeta series 
with n = 16 is sufficiently distinct to indicate an independent origin for the num¬ 
ber in that group. 

The great differences among the species with mostly n = 16-18 does not pre¬ 
clude the possibility that one very large and complex natural group may be in¬ 
volved. The Bartlettina series is not very different in some of its basic structures 
from subgenus Critoniopsis of Neomirandea. Neomirandea in turn shares a ten¬ 
dency for epiphytism and large quadrate corolla cells with Mikania. Neomirandea 
might also prove to be linked with Ageratina through such intermediates as the 
poorly known and possibly extinct Standieya nth us. In the context of the tribe 
the chromosome numbers in these genera were probably derived by aneuploid 
reduction from n = 20 which is still represented sporadically in the group. 


i 


GENERA WITH N = 18 ANO 19 

Hofmeisteria forms a very distinct element in the tribe Eupatorieae (Group 
XVIII), and there is no basis for association with the group of genera which 
primarily have n = 16-18. Hofmeisteria seems most likely derived independently 
from ancestors having n ' 20. Both n = 18 and n = 19 in Hofmeisteria are based 
upon reports from a single species, and further information would be highly de¬ 
sirable. 

No likely ancestor is evident for Hofmeisteria , but its remote position recalls 
two other genera of a unique group, Oaxacania and Carterothamnus. It is these 
last two genera that possess the most primitive form of paleae in the tribe and 
which are most clearly in need of cvtologieal investigation. 


General Speculation on Numbers 

The overall distribution of chromosome numbers in the Eupatorieae indicates 
that the most likely original base number for the ancestor of the tribe was n = 10. 
Almost certainlv reduction has occurred in Fleischmannia and Adenostemma to 
n = 4 and n = 5, respectively. Additional aneuploid reduction in chromosome 
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number seems to have occurred in the ancestory of Brickellia , Acritopappus, 
and a few other genera with n = 9, and also in the derivation of genera with n 
19, 18, 17, and 16. Plants with n = 15 seem to have been derived by hybridization 
between those with n — 10 and others with n = 20, in many cases followed by 
apomixis. The interpretation of n = 25 in Neomirandea, on the other hand, is 
more difficult. The possibility that some genera with n = 19, 18, 17, and 16 may 
have been derived from diploid parents with chromosome numbers lower than 
n = 10 cannot be excluded for all genera, but few such diploids are known, and 
none that are directly related to the plants with higher numbers. 

In a single species of Peteravenia, both n — 10 and n = ca. 17 are known, and, 
if the latter number can be confirmed, aneuploid reduction within the genus 
would be indicated. Four species of Bartlettina have n = 16, a fifth n = 10, and 
a similar relationship may be suspected for it. In any case, in the Ilebeclinium- 
Bartlettina group the two numbers n = 10 and n = 16 seem well established in 
different members of a closely related group. 

There seem to be no problems in the interpretation of a separate series in the 
Piqueria-Stevia relationship showing aneuploid gain from n = 10 to n = 11 and 12. 

Recent studies of structural diversity, cytology, and phytogeography of the 
Eupatorieae have seemed to indicate a tribe much more diverse than previously 
published treatments would allow. The complexity of the new classification is 
considered a reflection of a complex phylogeny for the tribe, many parts of which 
seem to be very actively evolving. 
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Note added in proof 


Keil and Pinkava (1976) have recently reported a chromosome count of n — 9 for Car¬ 
minatia , claimed glabrous style bases for two species of Brickellia s. str., and placed Carminatia 
in the synonymy of Brickellia. More recently Keil and Pinkava (1977) have corrected these 
errors and reported n = 10 for Carminatia. 


Keil, 1). J. 6c I). J. Pinkava. 
from the United States 


1976. Chromosome counts and taxonomic notes for Composit 


•in 


6c 


19 


i i . 


and Mexico. Amer. J. Bot. 63: 1393-1403. 

% r 

Reinstatement of Carminatia DC. (Compositae: 


Phytologia 35: 323. 


Eupatorieae). 



















